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DETAILED ACTION 

1. Claims 1-18 are pending in this application. In the reply filed on May 
5, 2005, Applicant elected the invention of claims 1-6 and 14-18. 
Claims 7-13 are withdrawn from consideration. 

Claim Rejections - 35 USC §102 

2. The following is a quotation of the appropriate paragraphs of 35 
U.S.C. 102 that form the basis for the rejections under this section 
made in this Office action: 

A person shall be entitled to a patent unless - 

( (e) the invention was described in (1) an application for patent, published under section 
122(b), by another filed in the United States before the invention by the applicant for 
patent or (2) a patent granted on an application for patent by another filed in the United 
states before the invention by the applicant for patent, except that an international 
application filed under the treaty defined in section 351(a) shall have the effects for 
purposes of this subsection of an application filed in the United States only if the 
international application designated the United States and was published under Article 
21(2) of such treaty in the English language. 

3. Claims 1, 5, 6, 15-17 are rejected under 35 U.S.C. 102(e) as being 
anticipated by Datta (US 6,750,133). 

Semiconductor structure 10 includes substrate 12 and metallization 14 
such as a copper pad. Nitride layer 18 and passivation layer 20 are formed 
over substrate 12, corresponding to protective layers (col.2, 47-65, FIg.l). 
First metal layer 26 and second metal layer 28 are formed, corresponding to 
UBM (Fig.3, 4). The first metal layer may be Tl, Cr and Tl W, while the 
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second metal layer may be Cu (col. 3, 26-col.4, 23). Figure 5 Illustrates 
second mask 30, formed of a photoresist material. Copper stud 34 Is plated 
over the first and second metal layers to a thickness of about 5 to about 15 
microns (col. 4, 30-59, Fig. 6). Bump precursor 36 is plated over copper stud 
34 through the second mask 30. The bump precursor may be a lead-free 
solder according to various lead-free solders as are known In the art (col. 5, 
14-50, Fig. 7). The second mask 30 is removed and an etch process is 
performed to remove second metal layer 28 using the bump precursor and 
metal stud as a mask (col. 5, 51-63, Fig. 8, 9). An etch process is performed 
to remove first metal layer 26 using the bump precursor and metal stud as a 
mask (col. 6, 44-50, Fig. 10). The bump precursor is reflowed to form a 
solder ball 37 (col. 7, 18-29, Fig. 11). See also col. 8, 10-32. Intermetallic 
material may form between the solder ball and the copper stud (I.e. copper 
diffusion). The presence of the copper stud causes the intermetallic zone to 
grow in shape and size (i.e. copper diffusion) and to act as a barrier to 
further tin migration. See col. 7, lines 45-53. 

Claim Rejections - 35 USC §103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis 
for all obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or 
described as set forth in section 102 of this title, if the differences between the subject 
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matter sought to be patented and the prior art are such that the subject matter as a 
whole would have been obvious at the time the invention was made to a person having 
ordinary si<ill In the art to which said subject matter pertains. Patentability shall not be 
negatived by the manner in which the invention was made. 

5. Claims 2 and 3 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Datta as applied to claim 1 above, and further in 
view of Clieung (US 6,638,847). 

Datta teaches the solder bump may be a lead-free solder according to 
various lead-free solders as are known in the art but is silent on the specific 
material used for the solder bump and does not disclose the solder 
comprises tin or comprises tin and silver. Cheung teaches a method for 
forming lead free bump interconnections. Pure tin or tin alloys can be 
directly substituted for conventional lead-tin alloys, as such solders are 
considered more environmentally friendly than those including lead. Tin 
based solders can be formed to give well defined, regular bumps and are 
compatible with existing reflow processes and materials and with surface 
mount equipment and techniques. Examples of a tin alloy include tin-silver 
and tin-silver-copper (col.2, 8-col.3, 57). It would have been obvious to one 
of ordinary skill in the art to use tin or tin alloys such as tin-silver and tin- 
silver-copper for the lead-free solder in the method of Datta because Cheung 
teaches that such solder materials can be formed to give well defined, 
regular bumps, are compatible with existing reflow processes and materials 
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and are preferred over conventional solders because of the environmental 
problems associated with lead. 

6. Claim 4 is rejected under 35 U.S.C, 103(a) as being unpatentable over 
Datta as applied to claim 1 above, and further in view of Darbha (US 
5,904,555). 

Datta teaches reflowing the solder but is silent on the specific reflow 
conditions and does not disclose performing the reflow for about 1 to about 
20 minutes at a temperature of about 220 °C to about 270 °C. Darbha 
teaches that the time and temperature of a reflow process are generally 
determined according to the type of device being formed and the 
composition of the solder bumps (col. 5, 11-26), thereby establishing the 
time and temperature of a solder reflow as result effective variables. It 
would within the ordinary skill of one In the art to determine the time and 
temperature of the solder reflow in the method Datta by routine 
experimentation and to perform the reflow for about 1 to about 20 minutes 
at a temperature of about 220 °C to about 270 °C, if required, because the 
solder reflow time and temperature are a result-effective variables, as 
taught by Darbha and the discovery of an optimum value of a result effective 
variable is ordinary within the skill of the art, as taught by In re Boesch, 
(617 F.2d 272, 205 USPQ 215 (CCPA 1980)). 
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7. Claims 14 and 18 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Datta as applied to claims 1 or 16 above, and 
further in view of Leibovitz (US 6,146,984). 

Datta teaches reflowing after the etching of the UBM layer using the 
solder as a mask and does not exemplify the reverse. Leibovitz teaches a 
method for forming solder bumps wherein the UBI^I layer is etched using the 
solder material as a mask, after the removal of the photoresist layer. The 
selective etching of the UBM may be performed before or after the solder 
reflow (col. 5, 17-27). It would have been obvious to one of ordinary skill in 
the art to perform the selective etching of the UBM layer after reflowing the 
solder in the method of Datta, instead of before, because Leibovitz teaches 
that the selective etching of the UBM may be performed either before or 
after the solder reflow. 

Response to Arguments 

8. Applicant's arguments filed July 24, 2006 have been fully considered 
but they are not persuasive. In regards to the 35 USC 102 rejection 
over Datta, Applicant argues that Datta does not teach a protective 
layer. Figure 2 and accompanying text, teach that 12 is the substrate, 
14 is the copper metallization, 18 is a nitride layer and 20 is a 
passivation layer. Layers 18 and 20 are considered to be protective 
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layers by the examiner. These layers do not cover the copper (see 
Figure 2) which meets the limitations of the claims. Applicant argues 
that the claimed process does not Include a nitride layer or etching 
process of Datta. The claims use open language ^comprising") which 
does not preclude additional steps in the process. 
In regards to the 35 USC 103 rejections, Applicant argues that the 
references do not teach the entire process. The references were brought in 
for specific teachings as explained in the rejections. For example, Cheung 
was used in the 35 USC 103 rejection for its teaching of the solder bump 
composition. These references were used to correct for deficiencies in Datta. 

Conclusion 

9. Any inquiry concerning this communication should be directed to 
Examiner K. Duda at (571) 272-1383. Official FAX communications 
should be sent to (571) 273-8300. 

If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Mark Huff, can be reached at 571-272-1385. 

Information regarding the status of an application may be obtained 
from the Patent Application Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public 
PAIR. Status information for unpublished applications is available through 
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Private PAIR only. For more information about the PAIR system, see 
httD://palr-direct.usDto.Qov . Sliould you have questions on access to the 
Private PAIR system, contact the Electronic Business Center (EBC) at 866- 
217-9197 (toll-free). 



Kathleen Duda 
Primary Examiner 
Art Unit 1756 



